Abstract Schwann cells (SCs) are peripheral myelinating glial cells that express the neuronal Ca 2+ -dependent cell adhesion molecule, neural cadherin (N-cadherin). Ncadherin is involved in glia-glia and axon-glia interactions and participates in many key events, which range from the control of axonal growth and guidance to synapse formation and plasticity. Extracellular UTP activates P2Y purinergic receptors and exerts short-and long-term effects on several tissues to promote wound healing. Nevertheless, the contribution of P2Y receptors in peripheral nervous system functions is not completely understood. The current study demonstrated that UTP induced a dose-and timedependent increase in N-cadherin expression in SCs. Furthermore, N-cadherin expression was blocked by the P2 purinoceptor antagonist suramin. The increased N-cadherin expression induced by UTP was mediated by phosphorylation of mitogen-activated protein kinases (MAPKs), such as Jun N-terminal kinase, extracellular-regulated kinase and p38 kinase. Moreover, the Rho kinase inhibitor Y27632, the phospholipase C inhibitor U73122 and the protein kinase C inhibitor calphostin C attenuated the UTP-induced activation of MAPKs significantly. Extracellular UTP also modulated increased in the expression of the early transcription factors c-Fos and c-Jun. We also demonstrated that the region of the N-cadherin promoter between nucleotide positions −3698 and −2620, which contained one activator protein-1-binding site, was necessary for UTP-induced gene expression. These results suggest a novel role for P2Y purinergic receptors in the regulation of N-cadherin expression in SCs.
Introduction
Schwann cells (SCs) are the myelinating glia of the peripheral nervous system (PNS) and are essential for the production and maintenance of myelin after nerve injury. Axonal sprouts must reach the distal nerve stump by switching from a transmitting mode to a growth mode, while SCs undergo proliferation and phenotypic changes to prepare the local environment for correct axonal growth. An intricate signalling network that involves between neurons and SCs controls nerve regeneration via signalling molecules such as neurotrophic factors and adhesion molecules [1, 2] . Some studies have demonstrated the important role of the Ca 2+ -dependent glycoprotein neural cadherin (Ncadherin) in the growth and guidance of axons, as well as in cell adhesion (SC-SC and SC-axon contacts) and myelination [3] [4] [5] [6] [7] [8] [9] . These interactions are essential for SCs to form the bands of Bungner that bridge the injury site to provide an adhesive substrate for regrowing axons [1] . Investigation of the expression of N-cadherin in SC precursors during prenatal development has revealed that the expression of N-cadherin, which is focused in areas in which the cells associate with axonal growth cones, decreases as the precursors develop into mature SCs [4, 5, 10, 11] . Understanding the effects of trauma on the expression of Ncadherin in SCs will be useful for the design of strategies to promote axonal regeneration. The growth factor-like serum phospholipid lysophosphatidic acid (LPA) induces N-cadherin expression through activation of the LPA 1 receptor and downstream pathways, which include G i , phosphatidylinositol-3-kinase and Akt [12, 13] . Neuregulin-1 is another growth factor that up-regulates expression of N-cadherin on the surfaces of SCs. Neuregulin-1 activates the epidermal growth factor receptor and mitogen-activated protein kinases (MAPKs) [12] . Given that nucleotide receptors are attractive pharmacological targets for the enhancement of wound repair, UTP is a promising candidate for the enhancement of N-cadherin expression in SCs. After nerve injury, nucleotides are released into the extracellular medium, where they are able to interact with the neighbouring cells to induce differentiation, neurite outgrowth, survival or cell death, in order to promote wound healing and tissue regeneration [14, 15] . Activation of the UTP-sensitive P2Y receptor has been implicated in the increased expression of adhesion molecules, such as vascular cell adhesion molecule (VCAM) in endothelial cells [16, 17] and N-cadherin in astrocytes [18] . Nevertheless, nothing is known about the mediation of the expression of cell adhesion molecules by UTP in SCs.
To the best of our knowledge, the present study demonstrates for the first time that treatment with UTP increases the expression of N-cadherin in SCs, thereby promoting SC-SC adhesion. We also demonstrated that N-cadherin expression was increased after the activation of P2Y receptors, the subsequent phosphorylation of the MAPKs extracellular signal-regulated kinase (ERK) 1/2, p38 and c-Jun terminal kinase (JNK) and the ultimate up-regulation of the early transcription factors c-Jun and c-Fos. Finally, we showed that the region of the N-cadherin promoter that responded to UTP was localised between −3681 and −2620 nucleotides upstream of the transcription start site and contained one binding site for activator protein (AP)-1, which probably binds to heterodimers that contain c-Jun and c-Fos. Thus, extracellular UTP is an important inducer of morphological changes in SCs.
Materials and methods

Reagents
Dulbecco's Modified Eagle's Medium (DMEM), penicillin, streptomycin and glutamine were purchased from PAA (Linz, Austria). Donor bovine serum (DBS) was purchased from Gibco (Rockville, MD, USA). The enhanced chemiluminescence (ECL) detection kit was from GE Healthcare (Waukesha, WI, USA). Suramin, PBS, Hoechst 33342, trypan blue, protease and phosphatase inhibitor cocktails, SB202190, SP600125, U0126, Y27632, U73122, calphostin C, EGTA and UTP were from Sigma-Aldrich (St. Louis, MO, USA). Anti-mouse and anti-rabbit IgG peroxidase-conjugated secondary antibody and anti-mouse Alexa Fluor 405 were from Merck (Darmstadt, Germany). All other reagents used but not specified here were of analytical grade.
Schwann cell culture
The rat schwannoma cell line RT4-D6P2T was purchased from the European Collection of Cell Cultures (#93011415; ECACC, Salisbury, UK) and maintained in DMEM High glucose medium supplemented with 2 mML-glutamine, 50 U/mL penicillin, 50 mg/L of 100 U/mL penicillin and 100 U/mL streptomycin and 10 % (v/v) DBS. Cultures were incubated in a 5 % CO 2 humidified atmosphere at 37°C. Cells were seeded at a density of 1.2×10 5 cells/cm 2 and starved in 1 % (v/v) DBS for 24 h before nucleotide treatment.
Primary SC culture
Primary SCs were isolated from sciatic nerves of SpragueDawley rats on postnatal days 8-10, as described previously [19] . After chemical and mechanical dissociation, the dissociated cells were cultured on dishes in DMEM (high glucose) supplemented with 10 % (v/v) DBS, 5 μM forskolin, 20 μg/mL pituitary extract, 2 mM glutamine, 100 U/mL penicillin and 100 U/mL streptomycin for 3 h, and then non-adherent cells were plated on poly-L-lysine and laminin-coated culture dishes or wells. Cells were subjected to another round of differential adhesion to achieve >83 % SCs purity as determined by S100 and galactocerebroside immunoreactivity. Cells at 7-10 days in culture were used for experiments.
Cell line transfection
Constructs that contained either complete or truncated versions of the human N-cadherin promoter were a generous gift from Dr. P.J. Marie (University Paris Diderot, France). Plasmid DNAs were purified using the DNA Purification System (Promega, Madison, WI, USA). For the reporter assay, on the day before transfection, RT4-D6P2T cells were plated at a density of 10 5 cells/mL. Plasmids (0.7 μg for the reporter) were transfected using Lipofectamine in accordance with the manufacturer's instructions (Invitrogen, Carlsbad, CA, USA). To correct for variations in transfection efficiency in the reporter assay, cells were co-transfected in parallel with 15 ng of pGL3-Renilla (Promega). Luciferase activities were determined in cell lysates using the Dual Luciferase Reporter Assay Kit (Promega), in accordance with the manufacturer's instructions, and are expressed in relative luciferase units.
Quantitative real-time PCR Total RNA from 10 6 SCs was isolated using TRIzol reagent (Invitrogen, Paisley, UK). Total RNA was reverse transcribed using an iScript cDNA Synthesis Kit (Bio-Rad, Berkeley, CA, USA). The cDNA template was analysed by quantitative analysis of cDNA amplification, which was assessed by using the SYBR Green Kit (Bio-Rad). Standard PCRs were performed with the following primers: Ncadherin (NM_031333.1), forward, 5′-GCA CCA GGT TTG GAA TGG G-3′, reverse, 5′-CAT GTT GGG AGA AGG GGT G-3′; c-Jun (NM_021835.3), forward, 5′-GCG GCT GAA GTT GGG CGA GT-3′, reverse, 5′-GGG TTA GCC TGG GCT GTG CG-3′; c-Fos (NM_022197.2), forward, 5′-GGT CTC CTC CGT GGC CCC AT-3′, reverse, 5′-CTT GCA GGC AGG TCG GTG GG-3′; glyceraldehyde-3-phosphate dehydrogenase (GAPDH) (NM_017008.3), forward, 5′-TGG GAA GCT GGT CAT CAA C-3′, reverse, 5′-GCA TCA CCC CAT TTG ATG TT-3′. The NM number indicates the accession number of each gene in the NCBI nucleotide database. All amplified PCR products were verified by analysis using melting curves. Quantification was performed by the ΔΔCt method, and levels of mRNA expression were normalised relative to the housekeeping gene that encodes GAPDH.
Western blotting
After treatment with UTP, the cells were washed with cold PBS and lysed in buffer that contained 50 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1 mM EDTA, 1 % (v/v) NP-40 and protease and phosphatase inhibitors. The lysates were incubated on ice for 10 min and sonicated. Protein concentrations were measured by the Bradford method. Thereafter, 30 μg of cell lysate was denatured with sample buffer [50 mM Tris-HCl, 2 % (v/v) SDS, 100 mM DTT, 10 % (v/ v) glycerol, pH 6.8], subjected to 10 % SDS/PAGE and transferred to Immobilon-P membranes (Millipore, Billerica, MA, USA). The membranes were blocked for 1 h with 5 % (w/v) dried skimmed milk in TBS-T buffer [50 mM Tris, 150 mM NaCl, 100 mM KCl and 0.1 % (v/v) Tween-20, pH 7.4] and incubated with the following primary antibodies: rabbit anti-phospho-ERK1/2 (9101; Cell Signaling Technology, Beverly, MA, USA; dilution 1:1,000), rabbit anti-phospho-p38 (ab4822; Abcam, Cambridge, UK; dilution 1:1,000), rabbit anti-phospho-JNK (9251; Cell Signaling Technology; dilution 1:1,000), rabbit anti-ERK1/2 (9102; Cell Signaling Technology; dilution 1:1,000), rabbit anti-p38 (ab27986; Abcam; dilution 1:1,000), rabbit anti-JNK (9252; Cell Signaling Technology; dilution 1:1,000), mouse anti-E-cadherin (6101811; BD Biosciences, Franklin Lakes, NJ, USA; dilution 1:500), mouse anti-N-cadherin (610921; BD; dilution 1:1,000), mouse anti-neural cell adhesion molecule (NCAM) (71652; Santa Cruz Biotechnology, Santa Cruz, CA, USA; dilution 1:1,000), mouse anti-VCAM (53548; Santa Cruz Biotechnology; dilution 1:1,000) and mouse anti-GAPDH (AM4300; Applied Biosystems, Carlsbad, CA, USA; dilution 1:20,000). Antibody binding was detected with the corresponding HRP-coupled secondary antibody, and the bands were visualised using the ECL detection system. The immunoreactive bands were quantified using Image J software (National Institutes of Health, USA).
Immunofluorescence
Schwann cells cultured on coverslips were fixed in 4 % (v/v) paraformaldehyde in PBS, permeabilized by incubation for 20 min in a solution that comprised PBS-Triton (0.2 %; v/v), 0.5 % (w/v) BSA and 20 mM glycine, and then labelled with Hoechst 33342 (1 μg/mL) for 30 min at 25°C in the dark. For N-cadherin staining, coverslips were incubated for 1 h with mouse anti-N-cadherin (610921; BD; dilution 1:250) and with corresponding fluorescent secondary antibody (1:2,000) for 1 h. Finally, coverslips were mounted with the anti-fading medium Mowiol (Sigma), and fluorescence microscopic images were obtained using a laser confocal microscope (Leika DM IRB, Wetzlar, Germany).
Statistical analysis
Results are expressed as the mean ± SD of at least three independent experiments. Statistical analyses were carried out using the GraphPad Prism package (ANOVA analysis plus Newman-Keuls post-test: *P≤0.05, **P≤0.01, ***P≤0.001).
Results
UTP increases N-cadherin expression in SCs
We first analysed the effects of UTP on SCs to investigate the potential to use UTP to increase cell-cell contacts. Treatment of the RT4-D6P2T schwannoma cell line with 250 μM UTP for 5 h increased cell clustering (Fig. 1a, (a,  b) ). To investigate the dependence of cell adhesion on Ca 2+ , cells were pretreated in the presence or absence of the extracellular Ca 2+ -chelating compound EGTA before UTP treatment. As shown in Fig. 1a (c, d) , EGTA pretreatment blocked the increase in SC clustering that was induced by UTP. Quantitative adhesion analysis corroborated the conclusions that UTP diminished significantly the number of non-adherent cells (P≤0.01) and that this effect was reversed by EGTA (Fig. 1b) . To characterise further which cell adhesion molecules (CAMs) were implicated in this adherent effect, cells were treated with UTP, and the expression of different CAMs was analysed by Western blotting. No signals were found for the NCAM and E-cadherin proteins, and there was only a faint signal for VCAM, which was not regulated by UTP. However, UTP treatment increased the expression of N-cadherin, a Ca 2+ -dependent CAM (Fig. 1c) . The results suggest that N-cadherin could mediate the Ca 2+ -dependent cell-cell adhesion that is induced by UTP. We confirmed that UTP regulated Ncadherin expression in primary cultures of SCs from postnatal rats. Figure 1d shows that UTP increased the level of N-cadherin protein after 24 h treatment, and this effect was blocked by the P2 receptor antagonist, suramin.
To further characterise the effects of extracellular UTP on N-cadherin expression, dose-response and time-course studies were performed by Western blot analysis on RT4-D6P2T cells that expresses functionally active P2Y receptors (Fig. 2a) . Levels of N-cadherin protein were significantly increased in a dose-dependent manner after UTP treatment (24 h, 10-500 μM). Time-dependence experiments were performed using 250 μM. Western blot analysis showed that N-cadherin protein expression significantly increased after 6-48 h of treatment in a time-dependent way. These results demonstrated that UTP induces Ncadherin protein expression on RT4-D6P2T cells following a dose and time dependency. Cells that were treated with UTP (250 μM) for 24 h and stained with N-cadherin antibody showed stronger signal in the cytoplasm, as well as occasional formation of bands of attachment (Fig. 2b, dotted  lines) . In contrast, control cells showed a characteristic 
Phosphorylation of MAPK mediates N-cadherin expression
Given that P2 receptors have been reported to signal to MAPK [20, 21] , we next determined whether UTP-induced Ncadherin expression in SCs is mediated by the MAPK pathway. We treated RT4-D6P2T cells with UTP at different times and concentrations and analysed the lysates by Western blotting for three phosphorylated MAPKs: mitogenic MAPK ERK1/2, and the two stress-related MAPKs JNK and p38.
All three of these kinases were phosphorylated in a dosedependent manner, with a significant increase (P≤0.01) in rates of phosphorylation at 250 μM UTP (Fig. 3a) . Moreover, a timecourse experiment with 250 μM UTP showed maximum phosphorylation of the three kinases within 5-10 min after treatment with UTP (Fig. 3a) . We analysed whether MAPK signalling cascades were involved in the UTP-induced increase of Ncadherin expression. Cells were pretreated with different selective inhibitors for each MAPK: U0126, which is an inhibitor of MEK1/2 (upstream ERK1/2 kinase); SB202190, an inhibitor of p38; or SP600125, an inhibitor of JNK. We found a significant decrease in levels of N-cadherin protein after UTP treatment (Fig. 3b) . We also found that UTP treatment increased levels of N-cadherin mRNA, with a maximum value .001 compared to UTP treatment at 1 h after initial exposure to exogenous UTP (Fig. 3c) . Quantitative real-time PCR amplification demonstrated that MAPK inhibitors blocked completely the UTP-induced increase in Ncadherin mRNA (P≤0.01), which confirmed the role of MAPK phosphorylation in the regulation of N-cadherin expression (Fig. 3c) . Interestingly, at the protein level, only SB202190 blocks completely the N-cadherin expression. This discrepancy between mRNA and protein expressions for ERK, JNK and MAPKs suggests a possible effect of p38 MAPK on posttranscriptional regulation or conformational N-cadherin protein stabilisation.
Phosphorylation of MAPK by UTP depends on P2Y receptors
To determine whether phosphorylation of the three MAPKs by extracellular UTP was mediated by P2Y receptors, cells were pretreated with suramin before the addition of UTP. Suramin, which is a non-selective antagonist of P2 receptors, abolished the UTP-induced increase in MAPK phosphorylation (Fig. 4) . It is noteworthy that P2Y receptors that are coupled with heterodimeric G proteins regulate effector systems, including Rho-associated protein kinase (ROCK), phospholipase C (PLC) and protein kinase C (PKC). Hence, we pretreated RT4-D6P2T cells with an inhibitor of either ROCK (Y27632), PLC (U73122) or PKC (calphostin C) for 5 min before UTP treatment. As shown in Fig. 4 , all three inhibitors blocked UTP-induced phosphorylation of the three MAPKs studied. This suggests that the ROCK, PLC and PKC signalling pathways promote JNK, ERK and p38 phosphorylation after UTP treatment.
Extracellular UTP increases early expression of the genes that encode c-Fos and c-Jun
We investigated expression of the genes that encode c-Fos and c-Jun, which are two important early genes regulated by MAPKs. Both c-Fos and c-Jun down effectors of MAPK signalling pathways and regulate formation of the heterodimer transcription factor AP-1 [22, 23] . We performed quantitative real-time PCR expression analysis of the early genes c-Fos and c-Jun between 15 min and 6 h after UTP treatment. SCs had significantly increased levels of the mRNA for c-Fos (ninefold; P≤0.01) at 60 min, and significantly increased levels of the mRNA for c-Jun (fivefold; P≤0.01) at 30 min (Fig. 5a ). To investigate whether the MAPK pathway was involved in this up-regulation, cells were pretreated with different selective inhibitors of each MAPK for 30 min and then with UTP for 1 h (Fig. 5b) . The inhibitors U0126 or SP600125 caused a significant decrease in c-Fos expression, which indicated a role for ERK and p38 kinases. In contrast, as shown in Fig. 5b , the fourfold up-regulation of c-Jun mRNA levels after UTP treatment was reversed substantially by exposure to inhibitors of JNK (SP600125) and p38 (SB202190), which was consistent with the fact that JNK is the major kinase related to c-Jun expression. Taken together, the results suggest that the three MAPKs regulate c-Fos and cJun levels in SCs. The basal promoter of human N-cadherin was described recently [23] . To characterise the promoter elements that are necessary for UTP-induced transcription of N-cadherin in SCs, we analysed the effect of various 5′ deletions in the promoter region that spans the 3,681-bp region upstream of the start codon of the human N-cadherin gene using the vector pGL3 and the luciferase reporter assay. Two deletions of 1078 and 2611 nucleotides from the end distal to the transcription start site were performed to generate shorter promoters of 2,620 and 1,087 bp, respectively (Fig. 5c) . We transfected RT4-D6P2T cells with the pGL3-3698/-18 (complete 3,681-bp sequence with four AP-1 sites), pGL3-2620/-18 (2,620 bp with three AP-1 sites), or pGL3-1087/-18 (1,087 bp with no AP-1 sites) construct, and then treated the cells with UTP (250 μM) for 1 or 3 h. Transfection of RT4-D6P2T cells with the pGL3698/-18 construct (complete promoter) resulted in a 55-fold increase in luciferase activity as compared with the empty pGL3 vector. After the 1-and 3-h UTP treatments, there was an increase in promoter activity (twofold and eightfold, respectively, compared with untreated cells) for the pGL3-3698/-18 construct (Fig. 5d) . The UTP response was absent in cells that were transfected with any of the deleted promoter constructs. The results indicate that the region from −3698 to −2610 is crucial for the response to UTP treatment, which suggests that the absence of only one AP-1 binding site in the human N-cadherin promoter is sufficient to block the UTP-induced promoter activity.
Discussion
Growing evidence suggests that nucleotides that are released upon injury or under physiological conditions stimulate nucleotide P2 receptors and serve as endogenous signals to induce a rapid response in glial cells [24] [25] [26] . Neurons and SCs in the PNS express purinergic receptors that are linked to the release of intracellular Ca 2+ stores and the regulation of several pathways [27] [28] [29] [30] . Moreover, the actions of extracellular UTP nucleotide in SCs remain to be clarified. Liu et al. demonstrated that the activation of P2Y2 purinergic receptors by UTP stimulated ATP release by exocytosis, providing a positive purinergic feedback [31] . On the other hand, in the rat RT4-D6P2T schwannoma cell line, UTP induces a transient elevation in concentrations of intracellular Ca 2+ and a subsequent cytoskeletal reorganisation [32] . In this context, N-cadherin, a member of the Ca 2+ -dependent CAM family, is related to multiple cytoskeletal elements and has an important role in SC migration, neurite outgrowth, synaptic rearrangement, creation of SC-SC junctions, and the alignment of SCs with axons [4, 5, [33] [34] [35] [36] [37] [38] [39] .
To analyse these signalling pathways further, we investigated whether extracellular UTP increased N-cadherinmediated cell-cell adhesion. We found that UTP, through P2Y receptors, increased the transcription and protein expression of N-cadherin in a time-and dose-dependent manner, which resulted in process retraction, cell flattening and spreading and cell clustering. In addition, we observed that N-cadherin was the only cadherin for which expression was modulated by UTP. Thus, increased N-cadherin expression induced by UTP might possibly mediate SC-SC interaction and the initial growth of SC processes that are aligned with axons [4] .
The G protein-coupled P2Y 2 receptor is known to activate several heterodimeric G proteins that can also initiate chemotactic signalling events. These events include the activation of Rho and integrins, formation of stress fibres and directional cell migration [40, 41] . In the present study, by using specific inhibitors of ROCK, PLC and PKC, we demonstrated that the up-regulation of N-cadherin expression was mediated by the P2Y 2 receptor through the activation of the downstream dependent pathway, which involves protein G, ROCK, PLC, Ca 2+ and PKC (Fig. 6 ). Recent studies have demonstrated that the P2Y 2 receptor needs to interact with integrins to access and activate G proteins [42, 43] . Although the mechanism of this interaction is unclear, it is possible that N-cadherin might be involved in the association of complexes that contain integrins and G proteins, because G proteins interact with the cytoplasmic tails of several cadherins [44, 45] .
We also demonstrated that UTP-induced N-cadherin expression depended on early phosphorylation of JNK, ERKs and p38 MAPK (Fig. 6) . Indeed, after nerve injury, increased activity in multiple pathways-including the ERK/ MAPK, JNK/c-Jun, Notch and JAK/STAT (Janus kinase/ signal transducer and activator of transcription) pathwayscan be detected in SCs [46, 47] . Furthermore, some authors suggest that ERK and JNK activity defines the state of SC differentiation. Whereas basal levels are necessary for differentiation of precursors, high ERK and JNK activities drive dedifferentiation and migration [48] [49] [50] [51] [52] . In contrast, the role of the p38 MAPK in SCs is controversial. Some authors have suggested that it is associated with regulation of myelination [53, 54] , and others that it is a negative regulator of SC differentiation and myelination [55] . Thus, activation of the MAPK pathway by extracellular UTP seems to mediate the increase of N-cadherin expression and could explain the relationship of MAPKs with cell adhesion, migration and dedifferentiation. On the other hand, activation of the MAPK pathway modulates several transcription factors that regulate the SC phenotype. Transcription factors have been classified either as positive regulators that promote differentiation (e.g. Krox-20, OCT-6, Sox-10 and nuclear factor-κB) or as negative regulators that promote dedifferentiation (e.g. c-Jun, Sox-2, Pax-3 and Id2) [56] [57] [58] . Nuclear accumulation of both the c-Fos and c-Jun transcription factors in astrocytes and microglial cells has been described after exposure to nucleotides [59, 60] . We demonstrated that the increase in c-Fos and c-Jun after UTP treatment is mediated by MAPKs (Fig. 6 ). c-Jun and c-Fos interact to form the activated heterodimeric AP-1 transcriptional factor, which can bind to specific sequences in the promoter regions of many genes, such as N-cadherin [61] . In addition, it was found that both c-Jun and c-Fos occupy the AP-1 site in the N-cadherin promoter in response to UTP, and that the absence of only one AP-1 binding site in the human N-cadherin promoter is sufficient to block the UTP-induced promoter activity of N-cadherin (Fig. 6) . The parallel signalling pathways involved include the JNK/c-Jun and ERK/c-Fos signalling cascades, which might explain the SC dedifferentiation phenotype observed.
We conclude that in schwannoma cell line, activation of the G protein-coupled receptor P2Y by UTP leads to increased expression of N-cadherin, an adhesion molecule that is related to SC migration, neurite outgrowth, synaptic rearrangement, formation and maintenance of SC-SC junctions and the alignment of SCs with axons. Selective P2Y receptor agonists might provide new opportunities for the enhancement of cell-cell adhesion.
